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This report summarizes !n useful form a development over the last two vears
which has culminated in a very flexible and high speed system of directing
a card-program electrunic computor. Thne cystem permits two instructions per
cycle to be campleted and a wide range of transasccndental functions to be
computed in a fraction of 4 second. The work was carried out under Project
NCL-ReQX:-108-1-53, entitled "Aerodynamics and Fluid Mechenics.” The results
have made possitle the automatic solution of e wide variety of problems in
connection with ordnar:e research and develcpment.

EDWARD L. WOODYARD
Captain, USN
Commander

B. H. KURZWEG, Chief
Aeroballistic Research Depa=tment
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MANUAL OF PROGRAMMING
#OR THE CARD- PROGRAMMED CALCUT..TOR

I INTRODUCTIOR

he presentation of .. mathemitical problem to a computirg instrument
consists of the steps:

1. Froblem creation and recognition.

2. Detailled prodblem definition in complete end condcnsed mathematical
form.

3. 4‘pplication oi ilhe methods of numerical analysis to eatablish spacific
camputational formulae vhich will yleld numerical approximations to that mathe-
matical "Jrm aad will assure an economy of procedure commensurate vith the
accuracy required.

4. Translation of the resulting discrete statement of the problem inmto
3equences of algebraic stsps which are connzcted together by means of dbranch
operations which depernd on the computed outcome of preceding seguences.

5. Formulation of a logiatical pattern of storage to assure availabilily
of the basic !nput and of the intermediste results which occur at every step !n
the seguance of computatiocn.

€. Formulation of a useful arrangement and pattern Of presentation of the
important results. .

7. Translatioa of the individual algedbraic steps and brarches into code,
vhich 1s the language to vhich the computing instrment responds.

Although all of these steps may be considered by a problem programeer, the
outline herein is confinec .hiefly to steps 5, 6, and 7, with a fev remarks on
step 4. This 1s in consideration of the main intention, which is to provide a
short manual of coding principles applicable to the Card-Programmed Celculator,
Model 1I, as it is controlled by the so called General-Purpose Double-Operatior
Function Panel, developed in the Bavel Ordnance lLaboratory.

Accordingly mich of the material is presented in the form of directions to
the programx.r, beginning at a stage in the problem development somewhere be‘ween
steps 4 and 5 above., At this .tage a :ystematic reccrd of the algeoraic rnd
other ~teps in the sequence is produced and corresponding codes sre assigned.
This record is the sheet, shown ae attachment 1) From it, the actual
instruction and data cards to be fed into the machine are prepared. an in-
struction card design 16 shown in attachment 2).

I1 DESCHTPTIONS
1. The Card
1.1 The basic operating unit of IBM machine: is the IEM punched card, whick
zay contain both coded instructiouns and data in the form of punched holes. The
card hes 80 vertical columcc, each with 12 punching positiozs, one sach for the

tigits O to G, an 11 or X position, and a 12 cr Y position. A blank colurn is
interpreted as a zero. The card is divided into sections, or r;eoups of columns,

1
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4

alled fields; these define portions of the caré in which informxtion of a
certuin kind will slways appear

f)

1.2 For use with the General I'urpcse Panel tie. card
Tields nmumbered 1-7 are for datz and include respectively

36:~ius, hi "_, su oz. '3.-(1 and 72 oO. In r e'!.ds 2 %o 7 the “ir it b co umnu_
ar

?Ositivd oi?h, "Q" punch for z nag_ti sign. - In field one, Qﬂlumn 3 is the
ifnuco*ump an“ the seven col um.s‘k“to lG are lor digits. Thes¢ seven card
R

1.3 Cclamns 13- 25 ave allosated Tor instruction ceding.
1.4 Columms 11 apd 12 are allocated for sequentisl card numverins.

1.5 Columms 1 zand 2 are for the identification of the probvlem, called a project
aumber or MARR number. Every card uced-in comnection with a provlem must have
~this project ﬁumber‘punched_ n-it. ‘Columms 1 and 2 are not read by the machine.

2. The Progrgm Sheet

“ The program sheet is a detajled. ;ajout of 'a “calculation.. Ttis is a form
consisting of pairs of wide and narrev hérizontal spacings. EacL such pair is
called.a line. 1In the wide.spac;ng_, the sligébra-corresponding to each cormpu-

tation step is writien by the programser. Immediztely above this, within the
corresponding narrow spacing, the programmer can- then code the a»tda~ “decimal
digits corresponding to thet elgebra, o “the “line : ﬁmber. and to the other
identirication he chooses to be useful! nu*-nahn line sncula 'OHta*Q'tne codes
to be punched in one card ‘£or the alreoY * .nd arithmetic niaipulations which
that card will cause the calculator tu u:-arm, and the numericzl values to be

read into the res*at rz from that- card.

3+ -The Components o the Card-Programmed-falculator

kA'

.1- The £ ﬁ? Basic xento of the~ C¢rdsProgramnsd Celculator ‘are: one type
412 Aceount Machin_, one type-605 Blectronic Cilculator Unit, one tvpe 527
Gang-dumma:y Puneh Machine and one- type 9&1 nuxiliarw Storage tnit. (see at-
tachment 3. )_

The functions of the individuel components are as follows:
3.2 The 412 iccounting Muchine serves as card-reader, printer, electromechanical
storage and control. Through its selector and comparing relay circuits, all
coded instructions nre translated into individual aotion: {e.3., operations
for the 6\J calculitor, Jummary puncn orders for the 527, orders for printing,
spacing, shifting, ete.).

A1) input date is read into the Cerd-Programmc.l Caleulator by way cf the
412 machine. Four Iields of this data may be read directly from the card ir’»
four-storuge units of ‘'e 412. 5faultanecusly, three operands of date may Le
read into three regliters of the 60Y electronic unit from the card. There is
a total ~f seven storage units in the 412 machine but only four of these may -
recoive informatlion directly from the'card. Each of the seven units can receive
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restlts from the 60% via chunnel "C" (Cee attachment %;{ store them, and
transmit therm back into tae 605 regicters via channcls "A" and 8" for later

s use. Six of these units have aine positions of siorage, eight for Aigits
and one for tne sizn, One unit huac coven positiias for Aigits and soe for
-4
SLEN.

1.3 The 74 nuxiliary storsge unit consists of sixteen electromechanical
registers wiich receive numberc frem channel "C™ and transmit zumbers to

channels A" and "B.' Bach register has nine positions of storage, cight

for digits and one Tor the sign.

3.4 Taes 605 electronic calculator unit uses electronic circuite to perform
the operations called for b, instruction cards.

2.4,1 With each card cycle of the 412, the 6C5 unit completes sixty consecutive
electronic programs, each one of which can be used to perform a simple operaticn
such as a division, mul~iplicetion, shift, transfer, etc. By the :=election of
groups of these programs, the performence of the 605 can be varied from card
cycle to card cycle. Thir-selection is made by the 412 which translates the
punched instruction code into a selectcr {relay) confiburation vhich 45 used to
suppress or alter programc. -

24,2 The arithmetic unit interprets a seqguence of eight digit:c in any register
or sicrage as 3 decimal number with the Zecimal point occurring atter the high
order digit, i.e., a scjuence of eignt digits XXOOOXX is interpreted as X.)XOD00KX.

3.4.3 Normally after the sixtieth program is completed, the 412 resds another
==t card znd the process is repeated, bul by energizing the “program repeat' devirce,
the 605 will continue to recycle through the sixty prcgrams until the device 1s
suppressed. This device is used for producing transcendental functions which
. = are camputed in the rorm of power series and each term is developed by a sweep
cf sixty program:.

3.4.4 The electronic storege registers of the 505 unit have been arranged to
form four eight position registers. Three of these are '"read-in" registers for
the operands, U, V, end W. The fourth is a read-out register fcr the intermediate
result Y. The final result Z is read out of the arithmetic unit of the 605.
Bither one of these result: may be sent via cheonnel "C" to a storage unit.

3.4.5 For the read-is registers in the 605 two channels ( ~ and L") are
provided to transmit :umbers from the 412 and 941 store,es of the - .rd-Prograrzad
Calculator. Operand ' {s read via channel "A" and operand V or W is read via
channel "B." Only o:: channel serves both V and W. Hence, it 15 not possible

to call guantities £rOm these siiliges into Loth V and W on the same card cycle.

3.4.€ Another facility of the 609 iz the talance test unit which tests the
sign of t!. resuit of ~ caluulat.on. On the basis of a2 result of this test,
the 60y ce: then supp s or permit subsequent operation for the control of

£ sub-routines, that is, the test can cause the suppression o1 operations coded

on a set of instructlon cards.

3.9 The 527 punch machine 15 used to punch results on cards. These can e vsed
as inputl daim carde [or acew phases or iteration: of problems. Tue contents of

(e
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ey of the L12 storages and of the 605 regluters W, Y, and 2 can bé punched
simultanecusly in a8 rew card. ‘This action is ccn*rolled by a coded instruction
read by the L12.

s

4, The Teleploiter

4.1 The Telepiotter is a digital plotting device thsat will. convert a digitel
input of poini coordinates to an (x,¥) plotting head nosition by actually
counting the lines on the graph paper. The essential componants of the Tele-
plotter are a flat plotting area or vhich i1s placed the coordinate paper; a
rlotting head which travels in two orthogonal directions and covers the sntire
field of the plotting area; one decimal electronic accumulator for aach axis;
end the necessary conirol elements.

L.2 Although the Teleplotter is not an IBM machine, it has been built to work
in conjunction with such machines. Wwhen it is connected with the CPC the
operaticn of the Teleplotter is automatic and is under the control of the
instruction cards passing thru the CPC. The proper instructions will cause a
transfer of numbexrs from a CPU starage to the Teleplotter memory; plottirng of

the desired point will proceed automstically while the CPC i5 continuing with
further calculations.

III ACTIOR AND INTERREIATION CF THE-PARTS: A. INPUT

S. Addresses & ) g
5.1 Addresses are the codes by vhich operands are read into the registers

U, V, and W aad by which results are directed to the mechanical storages for -
later use.,

5.1.1 The address code, or more simply the address, consiste of two digits
vhich are punched in columms 1415, 17-18 and 20-21 when referring to the U,

V, aud W operends respectively; and in columns 22-23 when directing a result
to mechanical storage.

5.1.1.1 A storage address in culumns 22 and 23 no.mally indicates that Z is

to be stored. However, an "X" punch in the units position of the storage address

(columm 23) causes Y to be ctcrea and/or printed instead of 2. (Se= 9.1.5)
5.1,1.2 The final card i{n the Ll2 card feed will not store a result.
Aduresses are o0f four peneral types: those peferriing tu the 41 aud

P B
41 electromechanical storages, the electronic storages, and the fields 5, 6,
and 7 of the card.

\L)\'\

5.2 The 941 stcrage coutulis two dbank. of eight registers ec.h. The cidress
code: are 11, 12, ... 18 {for vank 1) and 21, 22, ... 28 (fo, vank 2). These
“wo digit numbers may ve the addresses for the operands U, V, and W via channels

v

A" and BT and for storing the results Y ox 7 v’ia chant:l 'C."

5.2.1 These ctorage units always reset to zero Just before a number i: read
‘uto them.

-
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5.2.¢ A numoer must not be recalled from a G4l storsge unit prior to the third
card following the card on which it wvas addressed to that storage unit.

5.3 The %12 counter storage responds to addresses 71, 72, ... 77. These are

to be used for sending Y «r Z to storage via chaznel "C," and for entering the

U, V, and W registers via channels “A" and "B" without resetting the correspcuding
storage units.

.o rn e e G AP ¢ 0 APPSR C e o

5.,3.1 81, 82, ... 87 control the same respective units, but are used for U, V,
and W, in pluce of 71, T2, ... T] to cuause resetting of the unit after it hawo
read out.

.3.2 A nurber must not be recalled from & 412 storeuge urnit prior to the second
exrd rollowing the card on which it was aadresced to that storage unit.

€ \N

~d
5.3.3 The counters in the Ll2 storage are wired to accumulate positive numbers
Om. .

5.3.4 Results may be read into the same 412 storage unit on successive cards.

5.3.5 In order to read from a single 412 storage unit into two operand registers
on the same card and rzset, the tens digit of toth addresses must be 8.

5.3.6 An "X" punch in column 13 will cause values punched in the first four
card fields to read simultaneocusly and directly into the 412 counters 71, 72,

T3, 74. This 1s called spread entry loading or, less formelly, spread reading.

5.3.6.1 Spread read quantities may be addressed immedfately on the next card.

5.3.5.2 Results may not be stored in counters 71-74 on a card immediately
preceding a spread entry card. (See also 9.1.4)

5.3.6.3 Addresses T1-74 and 81-84 may not be used in U, V, and W on a card
wvith a spread entry.

S.4 Three addresses ure uzed to recall information frum electronic storange.
S.4.1 49: Read the preceding Z result into any of U, V, and W.
5.4.2 39: Read the preceding Y result into any of U, V, and W.

5.4.3 99, gor V, and/or W: Use the values for V end/or W which were used in
the previous card cycle. (See also 6.2.4)

S5.4.4 The electronic storage registers in which the U, V, and W operands sre
pluced are reset sutomatically every card cycle except when the retentian cocde
99 15 used.

5.5 09: Read the U, V, and/or W velues from tne corresponding card fie. .
(v*21ds S, ¢, and/or 7.5

5.5.1 The carc Iield takes precedence Over any other address. The
puinched in fileld. 5, 6, or 7 wvill cdisturd any re=zd in other than 09.
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5.5.2 A blank in the W address vehaves 88 C9. U and V addresses must be
coded. (See also T.1)

5.6 Tnaxle of Jouxces which each operand reg'ster may accept:

Regiser -
Types of Sources U \ W Addrese Code
Card fields 5, 6, and/or T. F> ¥6 7 0o
Any 2 pumbers in the 412 or 5 5% or S* 11-18; 21-23; T1-77
94l storuge. ’
Preceding Y result. Y X Y 39
Preceding 7 result. yA 2 Z L9
V and/or W operand of - v w 99

preceding {retained ir
electronic registers).

5.6.1 #uhen one of these two operunds is supplied from mechanical ctorage, the
other zust be read from the card, be retained ununltered from the previous line,
or bc obtained from one of the two previous results. Both may not come from
mectanical storage. (See 3.4.5) (See also 5.8) -

5.7 Certain of these cddresses may be modified in sceveral vayé.

5.7.1 An "X punch in the units position of all addresses except 99 serves to
reverse the sign of U, V, and W operands.

5.7.2 To odbtain a positive ebsolute value of a quantity, read the quantity

from storage with its sign reversed snd punch a "9" (minus sign) in the sign
column ot the corresponding U, V, or W field of the card. To obtain the negative
absolute value of a quantity, read that cuantity from storsge into U, V, or W

end punck a 5" (minus sign) in the sign column of the cOosresponding !J, V, or

W field of the caxd.

5.7.3 A "Y" punch in the 10's position of all addresses except 99 will shift
U, V, and W one place to the left, effectively multiplying that operand by 10
before entry into the electronic registers for computation.

5.6 To facilitate programming, provision hac -een made for permutsation of
cperunds after they are read in but before they are computed on.
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5.8.1 Tabie of Fermutations

Contents of registers after
operands have been permuted,

but before stute of arithmetic Code
Tvze of Action operations Columa 13
none U v a none
U->v, V> U v U W 1
UV, VoW, WU W u v 2
U9 W, W= U w v U 3
U2 W, V> U, WV v W U L
Ve W, WV u W v 5

5.8.2 Contents of registers remain in their permuted arrangement after the
arithmetic operstions have been performed.

5.8.3 Om the program sheet 1t is customary to write the algebra in the permuted
errangemeni, aiibough the addresses, 0f course, are written and punched in the
read in arrangement.

5.9 upecial Storege Reset Codes

5.9.1 To reset the 94l storage, twn cards are needed for any one bank;

S..1.1 =en¥ ? (storages 11-18)
Card Code
Column 22
1. 1
2. X

5.5.1.2 Ybank 2 (storages 21-28)

Card Code
column 22

1 P

2 X

5.5.1.3 These four cards can be condensed to three. (. ac 5.5.3)

€.9.2 An “X" punch in column 19 1. used to recet all the 412 couuters
gimultaneously.

]

W el e 2 e 4 )
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5.9.2.1 It 1s permissible to clear ‘he 412 storase with an "X" puzch in
column 15 and on the came card store. a result in the Li2 via chunnel 'C."

$.9.3 A1l 94l storage and 412 counter units are reset before starting a
calculation, or at any place in the sequence, by using three cards:

Code
Card Colurn 19 Colwm 22
1 1
2 X2
3 X X

6. Algebruic Operatlions

6.1 The CIC Model II performs two algebraic operalions with three cperands on
each coxrd.

6.1.1 The first operand, called U, can be combined with the second operund,
V. tn produce the first result, Y. Y mmy be combined with the third operand,

- W, to produce tiie seccnd result, &. Either Y or Z may be zctored and printed

(vis channel "C"), end/or summary punched; both mcy be retained as operands
in the next computing step.

€.1.2 The first operation code i a single digit which is punched in column
16. The second operation code may consist of J. 2, or 3 digits, all punched
in columm 19.

6.2 Table of Algebraic Operation Codes

Rame of operation 5ymbol Column 16 sece Colum 19
Transfer U to Y 05 1

Add (algebraically) + 2 2
Divide (normal) / 3 3
vivide (inverted) h 8 & 4
Multiply . 5 5
Evtract square root of "W" ~f 6

6.2.1{ To subtract reverse the sign of tbe opesand and udd, using operation
zode (2),

3 b mndﬁd
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6.2.2 Two divisions (whether direct {3) or inverse (%)) cannot be performed
on the same card cycle.

6.2.3 A divicion may not be »erformed on the same line with (6), the square
root of W. (vee 6.2.3.1 and 6.3.k.2)

6.2.3.1 When the second operation calls for the square root of W (6] and the
first cperation is coded as divislion (3), the dividend will be the numbder in
register W (rather than U).

5.2.4 The operand in rcgister V cannot be retsired for use on the next line
of programming if the second operatlon is a square root. It 1s replaced by
the final value of the sguare root.

6.2.5 Correct perforrmance reguire: that two operations be alwvays coded on &
card.

6.3 It is possible by the usc of the following sudbstitution codes to vary the
operanas of the second operation.

6.3.1 Table of Substitution Codes

Rame Of operation - syabol Code in Column 19
#substitute V for Y- v . 7
#Subst,itute Y for W Y 8

6.3.2 #These substitutions do not affect the contents of the V, Y, or W
registers but only the wey in which these operzands are asscciated during the
second operation in a card cycle.

6.3.3 Ina Y for W substitution (8), a W addressed operand is read in tut the
operstion is entirely independent of 1t.

6.3.4 Table of Permissible Associations of Operands

Substitution Code

lst operation 2nd operation Column 19
Us Y=y Y ®=e2 (noTmal mode)
VeWw =2 7
Y-Y =72 8
VeY =2 7, &
LeVsey N WL (novmal mo«»)
NY ez 8

crewe _..-—»‘Q.....‘._...__._.-ul iy
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3.4.1 No substitutions are posgible in the first operation.

£.3.4.2 When the second operation is the square root of Y (6, 5) the first
operation may be the divisien of U by ¥ (2).

6.% A second vuriation in the algebraic cperations is the shift right of
results Y and/or Z; effectively multiplying by a positive integral power of
1/10 and rounding.

_6.5,1 Tavle of onift Right of Results

o Type of Action Column Code
Shift Y 1 place to righ£ (xlO‘L)--—~ 13 g
Shift Y 2 places o ripht (x1072) s iR 6
-gﬁ;ff i 3 pluces to figng—(xIO‘J) 3] 7
Jhift 2 1 place té right (xic-1) pei G
shift Z 2 rlaces éqlright (ild‘a)~ 2k 3!
shift 2 3 places to right (x1073) ok 7

6.4.2 The shift takes place 1mmcai:*elj s a part Of the first or second
operation. “In tﬁeftase:of Y, the ”h fted Y then entexrs 'the second cperatiocs.

6.5 - The followirg properties of the mach{pe should be nocted.
6

.5.1 - The grltrmetib unlt interprets a. sequence of eight deuima_ digits as a -
uOuut cn %with the decimal pOint occurri imdidtely ;-fter
i.e., XXXXU0X is interpreted as X.@ﬂXXXXX.

6.5.1.1 HNumbers zoing into and out of the electromechunical storages must be
regarded in this way alsce. One exception is storage 71, which has no units
position and muct therefore te treated as % C.O000GY. There is5 & pl ug on the
piscy-beck portion of “he control panel bty which the =zign control of this
storage may pe disconnected. Witk the usign control off, 71 may be used ror -
storuge Or positive numver:s only, + O.XXXXXXY, and column % mey be used as an
zidditional column for cara identification. With the sign control on, any non
zerv disit punched in colurn: three will cause the contents of 71 to be negative.

v sult Y or Z excead: Y.9530099 but is less than 100, the firct
he 1 ft will normally be truncateu. Howe"er, one and only one such
+

on the left muy be sulvagea by using the shift result cne place

rignt wﬁth iz operution.

g i I¥ w uotient exceed. or equals 10U, the muchine gives O uz & result.

B.o.4 Division by o -ives G,

1n
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6.5.5 The square root of a negative number will e zero.
T. Treascendental Functlons
/.1 Por computing transcondental functions the nrguament is addressed as a U
operand, and the two-digit operution code is placed ic columns 16 and 13. V
ard W addresses must be left blank. Circular and hyperbolic functions are
generated for radian erguments only.

T.1.1 The 99 code may not be used followicg a ¢ard on which =2 transceudenteal
function is called for.

T.l.2 The resalt of a2 transtendenval function calculation is culled from
electronic stornge un the next line by a 45 cade.

7.2 The control panels are wired to calculiate the functions at electronic
speed recursively by the folloving series:

T2, cosw == 2 o B o

7.2.2 coshus=1l + ég + E: + u' =

T7.2.% sinh u

n
[
+

7.2.5 €Y e 14 u, ud ud ut

by 2 r
7.2.6 arstanu s u - 2 ucs 252 21T 4 L
3 p. W
1 ¥ 7
7.2.7 arctanh u s ug 53, U2, ul
3 5 T
~ e = ~ iy ’ w v
7.2 mus (u-1l)- % (v - 1)°4 l (u - 13> ...

Al

.2.9 e limits on the argurents are Jetermined Ly:

Rute of convergence of the series.
size 9‘ the reuulting function.
“1z2 oF the intermediate calculation: of the series.

R

] P
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7.3 Table of Transcendentul Function Codes

Code
Columm Column Alovenle

Function 16 19 ATgument Runne Remark:

cos o 2 0 Cu €T range restricted by u® *,

sin S 3 <110 < u <IU = K L

cush 9 2 -cosh~110 < u « cosh-110 range restricted by value
of fectn,; ccsh=l 10 =
2.9982

sinh Q 3 -s1nh~110 < u < stnh130 range restricted by value
of fctn.; sinh-1 10 =
2.9932

e* 7 5 (- 3 60 ¢ u «1n_10) lover range rastricted by
u3/3110; #* upper range
restricted by value of

- fetn.; 1ne10 z 2.3026-

exp 2.3025851 = 10

tan~1 & 7 -.91 «u « .87 range restricted by desired
accuracye,

tanh'l Q 7/ -.87 <u < .87 range restricted by desired
accuracyHH,

4 7 4 (0.4 ¢ v «1.9) range restricted by desired
accuracy.

7.3.1 The error in the computed function for arguments within the above range

f.
ir less thun 10°Y,

7.3.2 m.2 15 stored in the electronic computing unit (605) in the couvse of
this culculation.
**Tnis is the fcurth term in the series representation of e* used.
#HH#Ternc of series avs sumped until the esvponent of the argument reaches
100, or until a term cf the :eries is less than leO'e, whichever occurs first.

7.4 JLubroutire: for extending ranges of arguments of these functions may be
constructed froui the following relations.

T.4.1 sin x z-sin [ X - 274 -7 ) i au ioteger wid

oL x ® =cos (X -~ 37 m . 1r )
7.4.2 arctan x = 2 e %tan ( * / — - T reton x ¢ I
' < ( VAR R A ) ) 5 & S

ot

Ty T4
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TLu.3 arcsin x o= wavtan x4 - T carcsinx £ T
/‘E‘_.xl ) U = e

arccoslxlz arctan {i-x> /. g suwrccos x & I

‘X\ ) ~ ~ 2

J.4.4 arctann x = 2 arctan x /'
e

T.4,, arcsinh x 3 oretann Y /.
iex®

arceosih x = arctanh (,x‘-,", /x

- 7 S8 = o A 2
.,.-0.6 lIA X 3 &ernnl. x l)//-‘x*. !)
A
In x = ln (x Ji

7.5 Letarctan (v /x) = @ , O ¢ g < 360°,
let arctan (y / x) = 0 8
let e:n,l/? y Sl ,(
let 102w = [ e 5 (e-0¢
then lO'et’(J: ('__Sﬁ-g,lg w=/‘

8. Brzuch Orders :

8.1 It i5 possible to test, and i{n cffect store, the sign of the result of
a calculation and on the basis of this test obey certain subsejuent instruc-
tions and ignore others.

6.2 At any instant one and only one sign is remembered by the machine. 15
sign 1s rememdered up to and including a card with a test instructiorn.

B.3 .. zero i:s interpreted by the mechine a:s 2 positive number.

6.4 A card with an 8" or & "9" code in column 26 is called a conditioned
cara. A card which is not conditioned is called an unconditioned curd. A
card 1 called a suppressed card if it is conditioned Ly an "C" and the
remembered sign 1y positive, or if it is conditioned by a "y a:d the re-
peatered sign i negative; tnic depends on the history of the michire preceding
the reading of the card. , ¢Aard 1s ctalled an unsuppressed card if it 1is an
unconditioned card cr if it is 2 conditioned but not a suppressea curd.

8.5 m™e instructions of unsuppressed c¢urds are obeyed.

€.6 The computed rasults, (standing in the Y and Z registers), » a particular
card are rnot disturved when followed vy suppressed cards. Hence these recczle.
my o¢ <called back by 39 and L0 codes in the address positions of the fir.t
unsuppressed card following this particular card and on 1ll intervening ¢:.ra.

€.7 On suppressed card: order-, to read into U, V, and W, to cl..r tne 410
storage unit, to clear tnce 41 unit. to eject, to .preud reud Or Lo L)recu
read print, {(.ee 0), zre obeyed. All ulher orders are ignorec



Ve d o ottt e

=

e P

NAVORD Report 2755

8.5 Table of Branch Orders

Code in
Action Colutm 26

3.8.1 Inspect and remember the sign of the Y result of this 6
card.
8.8.2 Inspect and remember the sign of the Z result of this 7
card.
8.0.3 sSuppress computing, storing, punching, plotting and &
the sction of an "X punch iz columm 26, (see 9.1.1 and 9.4),
if remembered sign is positive.
8.8.4 suppress computing, storing, punching, plotting and 9
the action of an "X" punch in colum 26, (see 9.1.1 and 9.4),
if remembered sign is negative.
8.8.5% stop card feed and suppress as in 8.8.3 {f remembered Sy &
sign is positive.
5.8.6% otop card feed and suppress as in 8.8.4 if remembered 5, 9
sign is negative. T
i,06.7 Suppress test of the Y result of this card and suppress 6, 8
as in 8.7.2 if remembered sign is positive.
8.£.% Suppress test of the Z result of this card and suppress T 8
as in 6.8.3 if remermbered sign is positive.
8.5.9 <Change remembered ci7n to po,itive and suppress as in 6, 9
C.C.% if reuemiered sign is pbegative.
6.6.10 Chance remembered¢ sign to poaitive and cuppress as in 7, 9

.75 1f reomembered sirn is negative.

£.5.11 #Card rced will stop when second card following stop card enters the
feed.

2. Printing
.1 Two kind:s of printing are possible: printing of a result, which occurs

card cycle ufter the instruction "o print, and spread-read printing, which
cceurs on the same card cycle us the instruction to print.

[SIENS)

7.1.1 an "X7 punch 1r c2luan 20 to-cther with a print field punch "1" - 2
in colwum; o causes ovne result Y or Z, whichever is om channel "C," to print
{rr one of ' positions or zrint flellis across the page.
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An X" punch ir. coiumn 26 also causes juantities which are punched in
card fields 1-4, if any, on tue following card to print in print fields 1-4.

4.1.¢ an "X" punch in column 25 causes quantities punched in card field: i-4
on the same card Lo print sirmultaneously in print field 1-L. This i. culled
spread read printing. The sunantities need not lte spread read into storage.
Slunk colums will not print as zero.

.1.3 an "X" punch in column 26 foliowed on next card oy an “X" punch in
olurmi 2y will cause type vars te risec only uuce.

(2P ]

Q.1.4 A result to be printed must not be directed tov print in any of the print
fields 1-4 if there wre punches in the corresponding card fields of the fcllowin:
card, or it the follewing card is a spreud entry card.

3.1.4.1 In this situatior the machine would print and/or read into storage
the higker digit in every position.

9.1.5 Y or Z need not be stored with printing. However, it is not possidle
to print one and store the other, -

9.1.5.1 Thre final card in the 412 cara feed will act print o result.

9.1.6 Tatle of Print Codes

' g Cade ‘
Print in fieldé = Calurm 25 Column 26
1 1 . X
2 2 X
8 g X
14 X

9.2 An "Y" punched in column 24 causes suppression of printing from the type
bars where long hammerlocks are 12isel when »rinting is ordered on the same

trew

card by "X" in 25 or on preceding card by "X in 26.

3.3 A result Y or Z mey be shifted from 1 to 5 places to the risght to align
tke printed values around . fixed decimal point. Thi: coding causes truncation
of the printed result without rounding, but does nct zffect storage of the
result, nor output punching. nor subseauent calculatic)s ueing this result,
This =4if* teres place afte~ and independently of the iight shift fez:zrided In
section 6.k,
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©.3.1 Table of Right Printing Shifts

Code
Action Colwm 2h
Shift printed result 1 place to right 1
shict printed result 2 places tc right 2
Shift printed result 3 places to right 3
3hit't printed result L places to right i
Shift printed result 5 places to ricnt 5

—

9.4 A "1,” "2," or "3" punch in column 26 with an "X" punch in column 26 on
the same card or an "X" punch ir column 25 on the followving card causes the
paper to space 1, 2, or 3 lines before printing.

9.4.1 The above codes are suppressed when printing is suppressed by branch
order.

G.h.2 & "4" punch in 26 will cause paper to eﬂeét to a new page with or with-
out printing.

9.4%.3 sSpacing and ejecting teke place before printing.

9.4%.5 Spacing 1-3 lines will not take place on first print order after card
feed of the 412 unit has been cleared of cards. .

9.%4.5 An "X" in 26 with no field punch in 25 will cause type bars to rise,
spacing may take place, and fields 1-L of next card may print, but result vill
not print.

9.L.6 Table of List Spacing Codes

Code
Action Column 25 Celum 26
Space 1 line X Card 1
X Card 2
Space 2 lines X2 Card 1
X Card 2
uphce 3 lines X3 Card 1
X Caré 2
E ect page L wvith or without

X in 25 or 26

9.5 Remarks on the 412 as a Printer

9.5.1 Fileids 2-7 may print 8 digits. a decimal point, and a sign at the right
of the field.

b
(4%
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Ti2ld one may print 7 digite and » sign at the left of the field. The
sign o1 field one do2s not print on set up.

Pield & may print 8 digits and a sigrn, or T digits, decimal point, and
o sign.

O O S S Wt A . o ol

9.5.2 Tn fields &-i the decimel must remain fixed ‘in the second printing

position, but the digits muy be displaced to the right or left by moving the
plugs on the piggy back portion of the L12 nontrol panel. In fields 3-8 the
position of the decimal may be changed by moving the plugs cn the piggy back.

9.5.3 Long or short hammerlocks mey be raised over any individual type baxr
to prevent printing in that position. Short hammerlocks prevent all printing.
ong hammerlocks are controlled by a coded instruction.

.5.4 gero suppression levers may be raised to suppress printing of zercs to
ne

)
the right within a field end may be linked to force zeros to print to the left.
10. Plotting

10.1 A "Y" punch in column 26 will cause plotting of a point whoce x and y
coordinates are cstored in 412 storage 76. The first four digits represent
x end the iast four digits y.

10.1.1 It 1s not possible to use both plotter and summary punch on the‘same"
run.

10.1.2 The "Y" punch may be on first card after storing in 76 or later.

10.1.3 A blank card (i.e. no instructions) must follow each card wiich orders
plotting.

10.1.4 Only positive coordinates may be plotted.

10.1.5 Four scale factors are available for either axis indepeudontly:

Scale factor 1 means head moves 1 space per count of the number being piotted
N " " per 2 couuts

= per 4 counts
" per L counts

N E

10.1.6 The origin may be selected on either axis independently by setting it
manually into the four x and the four y reseti selector switches.

10.1.7 Plotted pcints must be at least 2 cm. from margins of paper.
10.1.8 The mexirnm plotting area of the table top is 26 inches by S5 inches.

10.2 Consiaeration must b 21ven to ccaling the coordinates of points o be
plotted in order to obtain r. graph of the desired dimensions.

10.2.1 We shall interpret the= sejuence of four digits representing x as an
integer. we intr . liu-e the ro.lowing notatica:

[
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xe is largest value
X. is smallest

Xe = Xp =T (range of x)
10.7.2 Select a suitable multipie of 100 Just smaller than Xge Cell 1t X
and subtract it from all x values. Call these Xx.

10.2.5 The smallest division or the paper 15 a millimeter. Decide how many
rillimeters the graph is to cover. Call this d. (N.B. Maximum d on vertical
scale 1s 460 mm. for the stock paper. The horizontal scale may cover 1350
. )

10.2.4  Divide r.* Xo = X, by d. Call this k.

10.2.5 If k > 0.5, scale factor is 1, 2, 4, or 5, vwhichever is next areater
than k. If k 15 not near the scale factor, the graph will extend only partly
over the region.

16.2.6 If k ¢ 0.5, scale factor 1s 1. If it is desired to enlarge the graph,
celculate 1/k and progran a multiplication of all X by 2, 5, or 10, whichever
is next smailer than 1/k. Any cther factors must be used with care since they
would mike a difficult scale to read and might exaggerate the significance of
the data.

10.2.7 store X in first four positicns of 76 if it is the horizontal coordinate,
last four pocitions of 76 1f 1t is the vertical coordinate.

10.2.8 At the plotting origin, x = x_. It is convenient to have this 2 cm.
from bottom of page and chosen so thag the true zero would be on a heavy line.

16.2.9 1Inctead of subtracting %5 froun x and working with x, it i, possible
to cet X5 irto the reset selector switches and work wvith x directly. But it
will s5till be necessary for x to be always positive.

12.2.1C It is possible to plot several curves at one time if a conveniert
constant cun Le chosen to displace the curves and make them distinct.

11. lummery Funching
11.1 & "Y" punched in column 26 activates the 5. output punch. A summary
punch controel penel muct be wired and inserted into fosition,

.1.1 Even 1f no pun hing 1c to be done, a punch control panel must be
aced in the 527 witt the culculnte switch wired on.

B E

11.2 The contents of any of the 412 storages and of the 50% electronic
storarges for ¥, Z, ard W can be punchec on the sume sycle.

(0]

’_l
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11.2.1 Puncning irom the Ll2 storage may proveed on the next card after
addressing a result to the Ll12,

11.3 The ulieznment of punched digite in the fields of tbe cutput cards is
not affected by the shift codes of sections 5.7 and 3.3, vut it 1 affected
Ly the shift coudes of :zectiocn €£.4. Output punching i: ccntrolled by btranch
order codes in the same w-y that printing and ~toring is controlled.

.....—..-.--—--*----.o‘;' “n .

IV FLANNING AND CHECKXING THE PROGRAM
12, Identificuazion

As a preliminary, the programmer should make a point of studying the
problem, breaking it into phases cf coumputaticn each of which will “e accommo-
duted by the available storage. He shouwld plan in detall the provisional
format of printed resuits desired. Along with this effort the plunning of
the format of the input data card i: to be accomplished. This formut must
correspond to the coding on the program sheet; hence in preparing such cheets,
it 1s importart to plan the pattern of identification of the cards.

Identification consistc in an arrangement of the parameters, variables,
and cycles which describe each main part of the problem, and is contained
chiefly in fleld 1 of the cards, although it may te included in fields 2, 3,
and 4, if necessary.

Generally in this system, each card will contain an instruction and will =
control two arithmetical opernticns. An elementary set of cards will represent
a complete sequence of operations sufficient for computing all functions of
one set of perameters and variables. The same set of cards can be duplicated
automatically so that as many sets may te used to compute the functions as
there are unioue sets of values of parereters and variables in the problem.
Thus there will be as many elementary sets of instruction cards or kernels
a3 there are combinations of change in parameters =2nd variables. & datz2 card
or a special set of instruction cards Is used Lo change these values, snd are
usually inserted ahead of each staundard set of instructlons. Thus in between
each kernel, a fev of these special cards are inserted.

Insertion can be carried oul automatically on the zcllitor only if identi-
fication 15 systematic, e.g., sequentinl or lexicorraphic in nature. In general
the identification of a data card should correspond with that of the instruction
cards of a kernel. Exceptions are, however, possible. Data or speciul cerds
are usually distinguished from kernel cards;; this distinction is adequately
provided by the assignment of distinctive line numters (in card coiums 11 2na
12) to each class of card; e.g., dertsn cards muy hove Low-valued line rumcers
and kernel cards high-valued lire numbers. Generally, each line number corre-
sponds tO a lire on the pro.ram sheet.

Frovision for propcr identification in the above ficlds in the cerds should
take into zccount ilue peculiar identification requiremen's of the printed formmt
of the final results. Thu- each lire and section of printed results may need
severzl items of identification. I therc are to be several pages of result:,
provision .hould be muie I>r identifving at the top or bottom to every pi;e tie
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2 HER S

value of every parameter und variasblie zpplicable to that page. Provision

likewise should be made for printing the MAR (project number) or case {e.g.,

ARR number ) un every page. This may be done by proper insertion in the curd :
file of special data or iustruntion cards betweern every twenty cr s8C kermels.

Uften the cards reguired to produce one page of results will be sufficlent

for the entire problep, for other pases can bz produced with only a change

in the leading carads.

13, Program Tracing

13.1 In starting a problem on the CPC one or two hand-2omputed or one or
two special automutically computed pilot problems zhould be used ac test
cases, If there are differences between expected results and these test
cases, program tracing cun ve used to deleci the area oi the program where
trouble occurs. Once these cases are 'chocoked out,” a set of cards from

the standard program should be kepi cn hana for future teeting of rachine
reliarility for that problem, and & program tracing of the set of cards
should be kept for ready reference. There also should be prepared for ready
reference a typical printed set or page of [inal results.

13.2 To truce gzrogram and machine sequences a switch cun be thrown causing
printing of each irstruction code; zorresponding operands and one result.
This is called listing or setting up. It is advisable to check a program
by this method before all of the kernels are reproduced. a
13.2.1 Columrs 3-26 inclusive prict on the left half of the page. On the
right half of the page, the operands U, V, wud W will print in print fields
5-7 and the Y or Z result, whichever is on channel "C," in field 8. Fields
5-7 will print 7 digits to the right of the decimal. Field 8 will print 8
digits without a decimal. A minus sign will print at the right side of these
fields.

13.2.2 Coded sign reversauls ("X" in units position of Ths zddress codes)
will print on the letter R to the right or the address code.

13.2.3 The value retained by a Y9 coude will not print.
13.2.5 Minus signs are prirted to the right ¢ the number.
13.2 Lines which contain permutation an&/or substitution codes print on

-9
t up with operands in read in locations.

o

»

<

13.2.6 An "X" in column 19 %o clear the entire 417 storage will print C at
the extreme left.

15.2.7 =« spread read card will print E at the extreme left.

N sy

13.2. <2lumn 3 will rot print on set up.

15.2.9 4 nosivive absolute value 15 {ndicnted by a P t» the right ot the
agédress code. 4 negative ubsolute value is jndicated by an N to the right
of the zadre... code.
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14. Checking and Roll FRack

The machine must not be relied on to produce error-Ifree computation, nor
i< therc any greater probabilicy thet its errors will tend to be smell instesd
o large, ©bvious ircstead of insidious or self-converting rather than cumula-
tive. Therefore in general all prcblems sheuld be mun twice (preferably on
different machunes ). Bowever, when there are covious physical criteria for
Mdging reoults on a precise tusir, or frequent analytic checks that moy be
programned systematically, reruns may not Le necessary. An excepiion of
andother sort 1s met when an iterative procedure is uced, wherein small errors
will be erzsed by the iterative process. In tnhis connectiou large errors may
lead to convergence on sndother branch which may or may not scem plausible, so
that tie nature of the convergence process requires analysis or experiment
for each provlem. Another exception, where rerunning may not be necessary,
occurs where an index of improvement between coarse and fine integrations 1is
computed and printed as a visual aid for quick trouble-spotting. omoothneus
checks for certain prodlems may be adequute, but cannot be relied on where
functions of more than one variable are computed, or vhcre the ditferences
vhich are not used for troudble spotting are toc large or toc variable in-
herently.

In seneral, all autoumtically computed results should be transmitted
from the Appliel Mathemctics Laboratory only after complete checking hzs been
carried out.

Most computing equipment errors are intermittent and will not repeat

7 during a tracing program, so that quick electronic or mechanical repair cannot

be carried oui. Under these somewhat typical circumstances, program trecing
is unprofitable, and i1t becomes neces:zary to continue computation of the
problem &% the last point vhere results are knovn to be perfect. ToO cormence
automatic camputation "in the middle ' of 2 lavrge problem for this purpose,

a so-called rollback procedure must be programmed. OJuch a program is designed
to store all information necessary to resume the calculation in the particular
storages that are used in the standard progrsm tor that problem. The items

ot this information may be avuilable in basic dat: cards used in the veginning
of the computation, or in the middle, or they may have been computed and
printed, or they mavy be summary punched. TC¢ insure that all information which
is necessary to rcllback & problem be available 1. card form in reudinecs tfor
use, the mathematician must foresee where a rollback will start (say at the
beginrning of any printed page) end then plan his otandars progrem in .uch a
way ac to couwpute and .womary punch cr print each item or suc¢'s information.

Of course, uwny cuch iitems which exiut on the .tandard datu and inotruction
decks need not be re-punched.

Once the necessary itemo are availatle, u standard rollbacy progorac und
deck of cards is prepared and che:ked out, whicih will =a:.sign the intormation
to storage iocations which are .tandard in the problexz program; likewise this
rollback kernel will compute 531 quantities deriv:d from this basic infonatior
and which are stored in standard pliuces in the protlem progrim. In short, o
rollback kernel includes all dnta and inoiruction coaes necessury 1O provice
2 confimuration of ctorage <tondard to the nratlen progrc s sucn 4n

-

kernel) of inctruction cnurds immeddately followiry; it can be vied “. continue
thne computution in norm:l funbion. wWien o rollbucx hernel iu checred out,
progrees tred ¢ choule be made for uture reference amid L CCntise ana Juam lete
set or direction: for uusembling t..¢ rollduck kKernel sheuld be written out.

2%
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15. CQutline of Proprwming Steps

The programming steps, aside from problem Iorm:lation and numerical
analysis, includes tne following.

15.1 Transl.ation of the problem whi'h 15 stated in liscrete terms into
seqjuences of algebraic steps, ete.

15,2 Formul:ition of a logistical pattern of storage. etc.

17.3 Formulation of a reluated and usefMl jpatiern of presentaticn of desired
results.

14,4 Formulation of a rollvack procedure wherein all necescury cards for
speclal data are produced automaticslly bty summsry punching.

1>.5 Toding the above, in standard {orms, on program sheets, and punching
correcpending cards.

15.6 Establishing the data card pattern and trancmitting this information
to the vroblem proposers so they can furnish appropriately punched input
cards.

15.7 Pillot computation, and test decks construction; program :heck-out and
establishment of standard procram trace for reference.

15.8 Bstablishment of standard printed page of final results for diagnostic
reference; this slhould include identitication interpretation, and coluwm
heading interpretation, etc.

15.9 ¥Preparing summar; cerd format, in written form, and summary control
panel, wherever surmery punching 1s used.

15.10 Preparing all control paneis which mey be needed in preparing the deck
of cerds tc be used in the Card-Prograrmed Calculator, with specifications
for their preparation and use.

1).11 When a problem is recurrent or of large volume, rrepaering explizcit
notes on all the 2bove results which are sufficient guildes to allow proces:ing
by an; cther proyramming or machine tecnnitian. These notes should be created
first in the normil course of any projrumming pirocedure, for even the original
prograrmer can easily forget important details.

15.12 Operating, checkins, mali.taining 1iaison; and taking and transmitting
firal results to the user (problem proposer). In these phases, maintenance
of the CPC log tooks should he kept consecutively ani dates of transmittal
ol each portion of results shouid be recorded on facsimile bound copies
retained Iin AM II. All trensmitted results and these AM II copies should

be initialed by the progrcocmmer or machine techni:ian who has carried out
operation for the bulk of the took.

~ )
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15.13 When a protlem has been completed, an AML report of completion {where
AML stands for “"Applied Mathemetics "aboratory') chould te lmmediutely pre-
pored and ~ransmitted to M, showing briefiy what has been completed; this
1s an administrative rather than a technical repcrt. Furthermore, where a
nrohlem has teen partially or wholly formulated ir the bran~h or divicion,
or where novel =pplication and development of numericasl analysis has been
made, a fcrmal Technical Note or NevOrd Report should be prepared as coon

as possible.
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AFPENDIX

16. The foregoing coding instructicns may be applled to the CPC Model 1
withl the exceptions and addition: noted below.

16.1 The {ollowing arc not available cn Model 1.

shift U, v, w (
shift ¥, 2 (6.4
Read 49 into V reglster
Read 39 into W reglster

5.7.3)
)

16.1.2 Both banks of the 9Ll electromechanical storage are resct to zero
bty an "X punch in column 20.

16.1.2 Any number stored in 412 storage 71 must be less than 0.1000000.

16.1.3 Tte ab:iolute value, positive or negative, of the previous Z result
may not be czlled into W.

16.2 On the CPC Mcdel 1, tranicendental functions are avaeilable only when
special function panels are used. These panels cause the Model I to operat2
as a single cperation, two address system for algebraic operations; single

operation, single address system for square root and transcendental functions.

16.2.1 The W address is always blank.

16.2.2 For sjuere root und transc :ndental functions the argument is addressed

to U and tne ¥V address is 09.

16.2.3 Table of Function Scard Codes

Code
Cperation Column 15 Column 1y
¢ plus V 2 0
U plus V plus previou. result 2 z
U divided by V 3 0
Yy divided by U 4 0
Remainder of U divided by V after 5 places of giotient 3 5
Remainder or v divided vy U «fter ) places of gquotient 3! 5
U multiplied by V 5 0
U multiplicd by V plus previou- rcsult 5 2
cocine U 2 8
hyperbolic cosine U 2 9
sine U ) 8
hyperbolic sine U 3 9
cxponential U 5 i
54uare root U 6 7
.rc tungent U T 8
wrs ropervolic tungent U k7 a
natural logaritim U 9 7

24
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~PY=NDIX
continued
16.2.5.1 The previous resuit 15 addrcoued zi &Y,
15.2.3.2 Toere i» no 99 adaress with this panel.
16.2.3.3 The range of permissible urguwents is same as £or Model II.
16.2.5% sSection 13.2.9 does not apply to the Model I. A positive absolute

ralue {5 indicated by an R 10 the righli of the address code. A rnegative
ubsolute value is not indicated.

>
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